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A SUBMCDEL CF THE WODEL CEVELOFEDR IN TECHNICAL NOTE 24,
"URBAN EDUCATICN SYSTEMS ANALYSIS," (A TOTAL DECISICHMAKING
FROCEDURE FOR THE ALLOCATION OfF RESCURCES FZR LARGE
EDUCATIONAL FACILITIES) IS FURTHER SFECIFIED. THE SCHOCL
SUBMODEL IS CONCERNED WITH THE DEFINITION OF THE BASIC INFUT
CATA REFPRESENTING ECUCATICHMNAL FPOLICY Ol FACILITIES, STAFF,
AND FRCOGRAMS. THE COBJECTIVE OF THIS FAFER IS THE
SPECIFICATION CF THESE INFUTS, THEIR INTIRRELATICNSHIFS, AHD
THE PRESENTATICON <F THE CATA IN THE FORM NECESSARY FOR THE
LATER EVALUATION OF COSTS AND EFFECTIVENESS. FOUR TYFES OF
INFORMATION ARE GENERATEC FRCM THE MODEL FOR USE IN
EDUCATICNAL FOLICY--(1) FACILITY REQUIREMENTS IN TERMS CF
TOTAL SCHOOL FLANT SIZE AND FUNCTICHNAL SPACE ALLOCATICN, (2)
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(3) SFECIAL FROGRAM REQUIREMENTS IN TERMS CF STAFF AND SFACE,
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In Techinaical Note 24, Urban Educntion Systems Analysis, & framework

vas descrivbed ol a decision-maliing procedure for the allocation of
resources for large educational facilities., An o evview of that
decision-making procedure is shown in Figure 1 ard wi.l be briefly
restated. An initial educetional polic_ rel tfive to school size,

locetion and facilities is proposad. This policy is evaluated velative

to thé urben environment (Box 2) as measured by the location and deno-
graphic characteristics of the student population and the school environ-
ment (Box 3) as neasured by the facilities, staff and programs of the
school plant. 7The cost (Box 4) incurred by the construction and annual
operation of the propcsed educational system is then estimated, The .
interaction (Box 5) of the above elements as measured by operational
indices of effectiveness and cost are evaluated rezlative to educationel
goals and objectives (Box 6). Since these goals and objectives are
multi-valued, it is anticipated that no one policy is likely to be
optimal relative to all objectives, and therefore several modifications
(Box 7) on the initial policy will be made until a final policy is
selected.

The cost submodel of that total decision-making procedure was further
described and specified in Technical Note 30, Cost Model for Large
Ucbann Schools, This present note is a further specification of the
schoel submodel of the total decision-making procedure. The school
submodel is concerned with the definition of the basic input data
representing educational policy on facilities, staff and programs. The
specification of these inputs, their interrelationships and the prascnta-
tion of the data in the form necessary for the later evaluation of costs
and effectiveness is the objective of this note, Of concern also is the
selection of & level of aggregation of model definition that is feasible
from & data-gathering viewpoint and which affords the necessary sensi-
tivity for sclection among educational policies. This necessarily
depends on the existing data base and judgment.

1t is intended alsc to intreduce some techniques that may be of use in
the specification of input data and in defining their interrelationships.
The approach presented of a genera: formulation of the input data, in
itse1lf, wllows, as co all models, for the assessment of changes in basic
cducational policy which the input data represents, It is through this
iuvestigaticn of the effact various levels of the inputs have on the
process, in this case the educational process, that one learns more about
the system and in turn learns more about the determiration of effective
educational policy,
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Facilities

This portion of the school submodel is concerned with the specification
of the functional areas within the school plant. This specification
consists of the identification of the facility or service provided and
the determination of space, in floor area of the school plant, required
to provide that service to the student population. The basic inputs are
the type of facility and the space allocated to that type on a per pupil
basis. The output is the total floor area of building space required.

The approach used herein for the determination of the required space is
defined by the following categories:

1. Regular instructional area
2. Supplemental instructional area
3. Service and structure area.

OCne may approach this problem, that is the estimation of space needs, on
strictly a statistical basis. The method would be to take a statistical
sample of existing schcol plants, measure space allotted to the different
functional categories, measure school enrollment size and relate these
measures by the development of an empirical functional form, This is a
reasonable approach and sources of data are available to develop some of
these relationships. 1In the use of such data one assumes that the curric-
ulum and scheduling ¢f the curriculum elements implicit in the data are
applicable tc the proposed facility. Further it assumes one may extrapo-
late that data (since it is also desired to estimate sgpace requirements
for facilities larger than those currently in existence) beyond the range
of the plant sizes sampled.

The first of these assumptions is not expected to appreciably affect the
precision of the space requirements determined. Some care should be
exercised, however, in the extrapolation of data to school plaants
appreciably beyond the size of the school plants sampled. Usually some
knowledge of the process independent of the sample data is ne:essary to
safeguard the validity of the extrapolation.

The approach presented in this note will be partially statistical and
partially judgmental. This is undertaken both due tc the limitation of
the strictly statistical approach mentioned above and due to the require-
ment to demonstrate the dependency of space requirements on educational
input parameters. Educational policy that affects these input parameters
may then be assessed. In the determination of the space requirements for
the regular instructional area the method employed will essentially be
statistical in nature, and at level of aggregation of space per pupil
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factors. The supplemental area requirements will be determined in terms
of the input parameters of classroom and curriculum scheduling require-
ments, assuming these are known and specified as input by the educational
decision maker. The service and structure area reguairements will be
determined through the development of strictly statistical factors. These
approaches will now be discussed,

The regular instructional area which is synonomous with classroom area is
assumed to be that part of the school plant which, if required, could
provide space for the entire student population; that is, each student
would have a desk and chair area. 1t is also space that can be effectively
used for instructional purposes independent of the particular course of
instruction, The space requirements generated by this category therefore
depend on the total number of students and the preassigned space per pupil.
This input value of space per pupil may be based on educational policy,
statistical data, judgment or human engineering study. It is a function of
school level, and provision will be made to consider three school levels,
(1) elementary, defined as grades, one through four, (2) intermediate,
grades 5 through 3, and (3) secondary, grades 9 through 12,

The floor area required to service the regular instructional program is
therefore

3
= T
A =& N1 Bt
i=1
where
AC = total regular instructional floor aree
Ni = number of students in the ith school level
gi = area per pupil of regular instructional space for the ith
school level
1 = index of schocl levels,

Supplemental instructional areas are administrative and adjunct areas
such as laboratories, auditoriums, gymnasiums and cafeterias that are
used only a portion of the time and usually by only a portion of the
student body. Supplemental instructional areas considered at this point
are those in which the number of students (or school staff) to use the
facility are known and the frequency of scheduling of the use oi the
facility and the availability of the use of the facility during the
school day are specified as input data, The determination of requirements
when the facility is in support of an elective program, i.e., where the
potential users are specified in only a probabilistic way, will be
considered later.

) v
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The basic approach in determining supplemental instructional areg
requircments will be the same whether discussing a facility such as a
laboratory, cafeteria or auditorium. It is assumed that the space
requirement per facility is given by the following functiocn:

Ay = (£;/p5) Nyq;

where

A, = floor area required for the jth facility

rh
n

frequency of scheduling of the use of the facility in
periods per day based on curriculum requirements

O
]

available periods per day for the scheduling of the
use of the facility

=
]|

number of students that use the facility

Na]
]

space required in floor area per pupil,

The explanation of some of the parameters of the above formula is as
follows. First the value q, which is specified as input, is the floor
space required per pupil in the effective use of the facility, Guidelines
on the value of this parameter may be obtained through statistical estima- j
tion, though it is thought of here as based more on educational and
engineering judgment., It is the space per pupil suck that in utilizing
the facility the program of instruction may be effectively carried out,

The value f is determined, where applicable, by course requirements, e.g.,
physics lab is taken twice per week, gym once per week, or by the nature

of the facility such as the cafeteria is used five times per week, The
value p is constrained by the length of the school dey, and the length of
the block of instruction, e.g., & gym period is a 2-hour block and may be
given anytime during a 6-hour school day and therefore the available periods
of use per day is 3. The value p is also constrained by the nature of the
facility, «.g., the cafeteria may only be thought of as available over a
small range of periods covering the noon hour.

The rationale of the formula is as follows. If N pupils are eligible to
use the facility then the required facility size would be of maximum size
Nq. This area Nq would be required if the facility were to be utilized at
one time by the eligible students N, This maximum size can obviously be
reduced by scheduling the use of facility p periods per day. The required
size would then be (1/p)(Nq). The requirement that each student use the

facility £ times per day would inflate the space requirements to (£/p)Nq
or the above ‘formula,

e T el s




A plot of the function f/p is shown in Figure 2. This chart indicates

the significant effect scheduling and periods of use have on the total
space requirements,

Tt.e above supplemental instruction areas are (if q 1s selected reasonably)
to be considered minimum requirements, that is, if one were able to
optimally utilize the particular facility the above formula would yield ‘
the required floor space. It may be desired to constrain the range of

these requirements based on other considerations such as multiple use of

the facility. For example, if the gymnasium is used in support of school

games as well as in support of the regular curriculum, a minimum size may

be postulated based on the larger of these values. Similarly the effect

of the above formula is, in the use of facilities In support of the

curriculum, to set class section size and this may be constrained at a

minimum size for the effective use of teaching personnel,

- ey~

The values N, q, £ and p will be specified relative to the use of a
particular facility and the total supplemental area requirements, Ay, .
wiil be determined by summing over the n defined supplemental areas or

n n
Ag =.z1 Aj = zl(fj/pj) Nj aj
J: J=

The final category considered in the determination of space requirements

is service and structure area. This will be estimated by assuming that

the ratio of service and structure area to total floor area is approximately
constant. This ratio will be statistically determined from sample data.

Therefore
Ag = rTp
where
Ag = service and structure area
r = constant ratio to be estimated

T, = total floor area requirements

and the total floor area of the plant is estimated from '
Ao * Ag

TA =1 -
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This output of the school submodel will be input in the cost model for the
determination of costs. The facilities themselves, that 1is, their exis-
tence or nonexistence, will be input into the effectiveness determination
of the school facility.

Staffing Requirements

The staffing requirements will be based on staffing ratios applied to
specified occupational categories such as:

Administrators

Teachers

Teaching aides

Administrative Secretaries and Clerks :
Instructional Secretaries and Clerks i
Health Personnel ' K
Operations Personnel ;
Maintenance Personnel

oNNoNunmpLNO-

A functional form is hypothesized that will allow for diseconomies and
economies of scale in staff requirements as a function of student
population size. The particular functional form is:

£

v,u
Ts =z z ®v,u N, ’

u=lv=l

i

where

T, = total staff required

th

ey,y= Parameter of staffing function for the v~ staff category

and the uth schooi level
Nu = number of students at the uth school level J
fv 4~ Parameter of staffing function for the vth staff category
9

th

and the u school level
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The value of th: exponent £ in the above formula indicates the economies
or diseconomies of scale in staffing requirements. For an f value of one,
the formula implies a proportional relationship between staff and enroll-
ment, that is a constant staff student ratio (measured by the parameter e),
A value of the parameter £ less than one (and greater than zero) indicates
a staffing requirement that is increasing at a decreasing rate with respect
to enrollment. An f value greater than one indicates a staffing require-
ment that is also increasing with enrollment but at an increasing rate.
This would reflect the case where increased organizational complexity
(with increased enrollment) generates additional manpower requirements,
These relationships are allowed to vary with respect to school level and
occupational category. |

The parameters of the above equation-ev,u and fy y-may be estimated through
regression analysis of sample data relative to a given region or may be
specified as inputs reflecting a specific educational policy. Investigations
may thus be made based on the manpower resource requirements that are gener-
ated by educational policy affecting staffing patterns such as student-
teacher ratios.

Programs

In the above specification of staff the relationship to specific programs
was not explicitly stated., These relationships are implicit in the staff-’
ing ratios. It may be of interest to estimate resource requirements
specifically for a given curriculum element or program, such programs that
may require a specialist and are elective in nature so as to be selected by
only a small proportion of the student bedy. Programs such as guidance,
language, and honors programs, may be in this category. A technique is
presented that may be of urse in estimating the number of students likely to
participate in such programs and therefore the staff and the facility space
requirements induced by these special programs. These requirements will be
added to the staff and space requirements developed previously.

This will be looked at from two viewpoints: (1) what student body is
required to support a program efficiently, and (2) what utilization will be
made of a program by a given size student body? The first viewpoint is of
interest in planning the size of a school facility and the second in evalu-
ating the utilization of a program by a school of a given size.

The statement of the problem is as follows:
Let
p = probability that an individual student will take a given course.

This may be based on historical data of elective course selection
such that

E
p=-L
E

o e oS U
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whiere

:1 = loial aumver of -tudeoes taking a glven conre.

L

E = total number of students eligible to take a given ccurse

Cheple cldira, bociee wotioze of size Moo targer will sesule frow
« vindent population of sice N, is aporoximately
N
e L4
X N
P=g, (%) p® (1-p)
x=M

One problem posed then is to find the student population, N, given the

required class {or program) size, M, and further, given that onc wants

'~ »vn only a small risk of not having at least the required class size
toto participate in the program, If extensive binomial probability
“les were gvailable, the table would be searched for the required N.

v, for the size of p (small) and N (large) contemplated a reasoncble

cwrovimation to the above probability function 1s

oL ¥ (NE)x e~ NP
‘ aern x!
x=M

tiection, the Poisson probability distribution, is suggested
. ause it can more easily be evaluated and graphica’ly displayed. F
cxomple, the relationship between class size and student population is
cownows Pionee 3. This curve has been constructed so that there is «
. P, 5, chance that out of the student population of size N & class
v owize M oor larger will choose the given course of instruction. Siwmilar

cvives may be drawn for other probability levels, e.g., 90%, 17%.

o

L

b e or thig curve witl he demonstrated by the following example. et
I?At to osupport, ifull time, one Fiench teacher, three clacs-c

Pelwe Ol wie3s work is rquIrEd 1f French is given three times . week
. .nu»i groups of students are required and if class size is 20,
f + o 1ts are required to support the program, i.e., une Freach

iv'iev. The pioblem then is, with 957 assurance, what size student body
1tV v oygtired to have 100 or more students selecting French. Based on
st e dee only, 1% of the students have selected French. In summary

) = Ul
M 1060
N w7

R R YT T e T VI T O TR A W T T TN T

e S P




N

RIS

—— e

- —— -+ -

T

a—

PP

B

..:?’1&10»4114‘7 - —

T .14,0

bLlolL, —
' AMV .

LlJll.T&u.!%‘a.rV ~

.hv.,h.‘*l..vp

h L’
c e e e s -
..... A e n A”

O A S D
LR S S w! -— oAq"w‘
: L.
P e — 4 Mls I.lJ_—JI. B .l.“? —— 1«% -
1S FSE 30 SV |
I IO a.quu
R+ S ¢ 2
4 PO T - - -

—t gl

1|+||l'. P |

:
———t -
PR [PPSR RS

P
SRR o

EINGAGALS |

ammzmalil

promr-lted S,

'.-—_T 4 4

|

L -
bt ot

Tt T T

-~ 4

R

- o pe

h

R s g

i WY KU Sty f

P

L 4

J S

L+ - -+t1 4

JE PN QU S

et o -4~
R R
- §

[

T

~

|
boe - - . [
a ZDnniDu a 4 WOAY)
/4 .-M A L A%} P2 ﬂn« ﬁf\w

ANOUY

- 4 ﬁHw %Hﬁﬁaom INZAONIS ANV -

,mmmm %w@mm zmmimmf

- 4

T L

—_ -t

J—

-t

44—

AR

._.’._ +-

-1

- 4=

-#—-

Sl e B S i

-+t

-+
e R e el

-

—1

F o

......

lATl,TlH e
[P SN 4 e e e

}or +I;rl._l..|'|.k -
. 4t

eatee g

AEN



9

Entering the abscissa of the curve marked 95% shown in Figure 3 with M = 100,
the value Np = 116 is read on the ordinate. For the value p = .0l then

N = 116/.01 = 11,600, A student population of 11,600 is required to have a
high assurance (95%) of the capability of supporting a French teacher full
time. One is able thus to develop some measure of tha: student populati s
size required to support given programs in the case of specialist working
full time in a particular field. (A lower value of assurance than 95% is
very likely acceptablz to administrators and parents). Other relationships
are also readily available. For example if the chance of a student taking
French was 5 times as gresat, e.g., p = .05 the student population required
would be 1/5 as iarge, e.g., N = 116/.05 = 2,320,

The other problem to which this chart may be applied is the question of
utilization of a program by a given population of students which may then
be translated into staff and space requirements. For example, continuing
the French illustration, given a student population of N = 10,000 with a
chance of p = ,0l that any student will take French, then there is 95%
assurance that the program will exceed 85 students (reading in Figure 3 on
the curve marked 95% the value 85 on the abscissa corresponding to the value
Np = 100 on the ordinate). 1In terms of resource utilization then, assuming
that the 100 students represents full utilization, the prcgram will be used
more than 857 of capacity with high probability. One could then say, the
~ize of student body would justify the specialization of a French program
an’ in terms of staff requirements, one full-time French teacher.

In general terms assume N and p are known and a P level of assurance has
b?en assigned, then determine an M value as above. The number of teachers,
Tg, required will be determined by the following formula,

' )
Ts=f_!_(:_M
where
T; = number of teachers required
f£' = curriculum requirement of the scheduling of the course of
instruction in periods per week
M - number of students that will be exceeded with probability P
W = workload per teacher in periods per week
C = class size in number of students

'
Unly integral values of T, will be considered. The particular method of
rounding may be specified.
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The maximum number of students that choose a program will be used in the
determination of space requirements, For example, in the above illustra-
tion we have determined that there is a 95% chance that the program will
exceed 85 students., For the determinaticn of space requirements the
statement that there is only a small chance that the student size will
exceed a glven number of students is of interest. Referring again tc
Figure 3 on the curve marked 5%, corresponding to a value of Np = 100 on
the ordinate a value of 117 is read on the abscissa. This is interpreted
as, there is only a 57 chance .uat this number of students will be
exceeded. Space requirements may therefore be based on this value (or a
similar value based on some appropriate small probability level such as
.0l or .005,

'
Since we have previously determined the number of teachers Tg based on
the above formula for the particular curriculum element, the new actual
class size, C, is, using now the integral value of T,

= £ . M
C==F—
W Tg
and the space requirement is

]
TA = TS Cq

where C is the class size based on the integral value of T; and q is the
floor area per pupil factor previously described,.

These procedures will be followed for each curriculum element or program
that may be defined in terms of thke above input parameters and where the
contributions of the program are considered relevant to the generation

of benefits and/or costs, The example worked above as illustrative of the

general pro:edure was conservative in the determination of teacher require-
ments and liberal in the determination of space requirements, These may be

varied through the selection of the assurance level P for any particular
application,
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Summary
In summary the school model generates the following outputs,
1. Facilities: Total Floor Area, Tp, Required |
A, + A
T, = S____¢& ! '
A l -r |
3 n :
= _1 N, g, + (£./p:) N, q. |
1-r_Zlgi z i'P3? Ny 9 i
j=1 j=1 i)
| 2. Staffing: Total Staff, T, Required
i |
: 3 8 £
_ v,u !
. Ts '\2: :Z: ey,u Ny i
u=1 v=1 ‘
3. Special Staff, T, Requirements |
i é
Given N, p, P determine M, then : g
' . 1
i = .:g..__..M ]}
] WwcC ) ¢
| '
4. Special Space, TA’ Requirements ;
Given N, p, P determine M, then ?
J
' 1 i
J TA = lS Cq
1 !
In terms of educational policy input, the following may be examined:
(1) facility requirements in terms of total school plant size and E
functional space allocation "
{2) staffing requirements by number and occupational categories i
IR
| (3) special program requirements in terms of staff and space |
.,; (4) staff and space implications of scheduling modifications 1
- The output of this model will provide substantial input into the cost |
: ard effectiveness submodels. ;




